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ABSTRACT 4- 
Resul t s  of p a r t i c u l a t e  contamination analyses  by the Mi l l ipore  and 

Whatman methods have been cor re la ted  f o r  samples represent ing  a wide range 
of contamination l e v e l s .  These data ind ica t e  t h a t  although the  d i f f e r e n t  
types of f i l t e r s  a f fo rd  approximately equal p a r t i c l e  r e t e n t i o n ,  the  modes 
of r e t e n t i o n  a r e  markedly d i f f e r e n t .  
exc lus ive ly  on the  sur face  of the Mi l l ipore  f i l t e r ;  whereas, wi th  the  
Whatman f i l t e r ,  some p a r t i c l e s  are r e t a ined  on the  sur face  and o the r s  a r e  
embedded i n  the  f i l t e r  s t ruc tu re .  There a l s o  appears t o  be a s i g n i f i c a n t  
d i f fe rence  i n  the  ease with which p a r t i c l e s  r e t a ined  on the sur faces  of 
these d i f f e r e n t  types of f i l t e r s  can be d is t inguished  microscopically.  
It, therefore ,  appears t h a t  any numerical equation r e l a t i n g  the r e s u l t s  
obtained by these methods must be r e s t r i c t e d  t o  the  p a r t i c u l a r  type of 
contaminant present  i n  the  samples f o r  which the  equat ion was derived. 

The p a r t i c l e s  a r e  r e t a ined  almost 
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BY 

J. 0. Romine and J. B. Gayle 

SUMMARY 

Resul t s  of p a r t i c u l a t e  contamination ana lyses  by the Mi l l i po re  and 
Whatman methods have been co r re l a t ed  f o r  samples r ep resen t ing  a wide 
range of contamination l e v e l s .  These da t a  ind ica t e  t h a t  a l though the 
d i f f e r e n t  types of f i l t e r s  a f fo rd  approximately equal p a r t i c l e  r e t e n t i o n ,  
the modes of r e t e n t i o n  a r e  markedly d i f f e r e n t .  The p a r t i c l e s  are re- 
ta ined  almost exc lus ive ly  on the surface of t he  Mi l l i po re  f i l t e r ;  whereas, 
wi th  t h e  Whatman f i l t e r ,  some p a r t i c l e s  are r e t a ined  on the  su r face  and 
o t h e r s  are embedded i n  the f i l t e r  s t r u c t u r e .  
a s i g n i f i c a n t  d i f f e rence  i n  the  ease wi th  which p a r t i c l e s  r e t a ined  on the  
su r faces  of these d i f f e r e n t  types of f i l t e r s  can be d is t inguished  
microscopically.  It, therqfore ,  appears t h a t  any numerical equat ion re- 
l a t i n g  the  r e s u l t s  obtained by these methods must be r e s t r i c t e d  t o  the 
p a r t i c u l a r  type of contaminant present i n  the samples f o r  which the 
equat ion  w a s  derived. 

There a l s o  appears t o  be 

INTRODUCTION 

The method f o r  determining t h e  l e v e l  of p a r t i c u l a t e  contamination 
f o r  most sur faces  and components a t  t h i s  Center involves f i l t e r i n g  a 
sample of f l u i d  r i n s i n g s  from the surface o r  component through a 
Whatman 4/42 a n a l y t i c a l  f i l t e r  paper and microscopical ly  s i z i n g  and 
counting the p a r t i c u l a t e  ma te r i a l  re ta ined  on the f i l t e r  sur face .  This 
method is  known t o  give only r e l a t i v e  r e s u l t s ,  although i t  has been used 
ex tens ive ly  as a "quick check" procedure f o r  contamination con t ro l  of 
c leaning  processes f o r  components and systems. 
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A similar  procedure, involving use of a membrane type (Mil l ipore)  
f i l t e r ,  has been developed a s  an "absolute" re ference  method f o r  
p a r t i c u l a t e  contamination analyses  of f l u i d s  used i n  hydraul ic  and 
pneumatic systems. Applicat ion of t h i s  procedure t o  the  cont ro l  of 
contamination f o r  c leaning of sur faces  and components i s  suggested 
f requent ly  and appears l og ica l  s ince  no appreciable  increase  i n  the  
cos t  per determination would  be involved. However, before  making such 
change, i t  i s  necessary t o  determine acceptable  contamination l e v e l s  f o r  
the  M i l l i p o r e  method compatible wi th  those already e s t ab l i shed  f o r  the 
Whatman method. Therefore,  the  purpose of t h i s  i nves t iga t ion  was t o  
study the co r re l a t ion  of r e s u l t s  obtained by the  two methods and t o  
consider various f a c t o r s  inf luencing t h i s  co r re l a t ion .  

EXPERIMENTAL 

A t o t a l  of seven contamination l e v e l s  was s tudied ,  the f i r s t  four  
with a laboratory r e c i r c u l a t i n g  system and the l a s t  th ree  wi th  a s i n g l e  
pass pressurized system. 

The laboratory system consis ted of a cen t r i fuga l  pump, a f i v e  
ga l lon  r e se rvo i r ,  assoc ia ted  plumbing, and a sampling valve located 
downstream from the pump. P r io r  t o  each s e r i e s  of tests,  the  f l u i d  
was c i r cu la t ed  f o r  a t  l e a s t  t h i r t y  minutes t o  insure  uniformity of the  
contamination l eve l  throughout the  system; then e i g h t  500 m l  samples were 
withdrawn (one immediately a f t e r  another) f o r  p a r t i c u l a t e  ana lys i s .  

The pressurized system consis ted of a one-gallon mixing v e s s e l ,  a 
magnetic s t i r r i n g  device to  maintain a uniform suspension of p a r t i c u l a t e  
contaminant, assoc ia ted  plumbing, a low pressure  a i r  supply, and a 
sampling valve located near the  o u t l e t  from the  mixing vessel. P r io r  
t o  each s e r i e s  of tests,  the magnetic s t i r r e r  was operated f o r  a t  l e a s t  
t h i r t y  minutes t o  insure  uniform d i s t r i b u t i o n  of contamination i n  the  
mixing vesse l ;  then the system was pressur ized ,  and e i g h t  500 m l  samples 
were withdrawn f o r  p a r t i c u l a t e  ana lys i s .  

The f l u i d  se lec ted  f o r  the f i r s t  s e r i e s  of samples with the  
labora tory  r e c i r c u l a t i n g  system consis ted of "as received" so lvent  
grade t r ich loroe thylene  and was designated a s  Level 1 f o r  t h i s  i n v e s t i -  
gat ion.  Except f o r  No. 7 ,  a l l  of the remaining Contamination l e v e l s  
w e r e  achieved by p a r t i a l  removal (by means of a w i r e  mesh f i l t e r )  of 
contaminant from the  f l u i d  recovered a f t e r  the  f i r s t  series. After  
completion of the  ana lys i s  of samples f o r  the  f i r s t  s i x  contamination 
l e v e l s ,  i t  was noted t h a t  an add i t iona l  s e r i e s  of tests w a s  needed t o  
provide intermediate counts fo r  the  l a rge r  s i z e  ranges,  and a second 
l o t  of f l u id  having p a r t i c u l a t e  contaminant of s imi l a r  o r i g i n  and 
appearance w a s  obtained. 
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All microscopic analyses were made i n  accordance wi th  MSFC-PROC-166A 
"Procedure f o r  Cleaning, Test ing,  and Handling of Onboard Hydraulic 
System Components and Hydraulic Fluids," except t h a t  sample volumes of 
500 m l s  were used i n  place of the recommended volumes of 100 m l s .  For 
each group of e i g h t  samples, four were t e s t ed  by each method; the  
following sequence was used t o  minimize poss ib l e  e f f e c t s  due t o  changes 
i n  contamination l eve l s  during the  sampling operat ion.  

Sample 
Number Method 

Ana 1 y s i s 

1 Mil l ipore  
2 Wha tman 
3 Wha tman 
4 M i l  1 ipore  
5 Wha tman 
6 M i l l  ipore  
7 Mil l ipore  
U Via tman Q 

The r e s u l t s  a r e  summarized i n  Table I. 

DISCUSSION 

Reproducibi l i ty  of Resul ts  

Preliminary inspect ion of the  data f a i l e d  t o  ind ica t e  systematic  
changes i n  contamination l e v e l s  during the  var ious sampling operat ions.  
The counts f o r  each method, therefore ,  were t r ea t ed  a s  r e p l i c a t e  samples 
f o r  t he  ca l cu la t ion  of standard deviat ions.  The r e s u l t s  a r e  summarized 
i n  Table I and presented i n  FIG 1. 

The s t r a i g h t  l i n e  drawn through the  da ta  w a s  obtained previously 
i n  a more extensive study (Ref. 1) of the  r ep roduc ib i l i t y  of micro- 
scopic  counts. Inspect ion of FIG 1 ind ica t e s  t h a t ,  i n  general ,  both 
the  Millgpore and Whatman values appear t o  be i n  agreement with the  
previous r e s u l t s  (based only on Mil l ipore da t a ) ,  the  s c a t t e r  about the  
l i n e  being a t t r i b u t a b l e  i n  la rge  pa r t  t o  the  smaller number of r e p l i c a t e  
samples (four) represented by each point .  

As i n  previous inves t iga t ions ,  these  da ta  ind ica t e  t h a t  t he  
p r inc ipa l  f a c t o r  inf luencing the r ep roduc ib i l i t y  of r e s u l t s  i s  the  
number of p a r t i c l e s  counted, and other f a c t o r s ,  such a s  s i z e  of 
p a r t i c l e s  and type of f i l t e r  paper,  e x e r t  r e l a t i v e l y  l i t t l e  inf luence.  



Correlat ion of Whatman and Mi l l ipore  Counts 

I n  considering the p o s s i b i l i t y  t h a t  p a r t i c u l a t e  contaminant re -  
' ta ined on the  Whatman f i l t e r  sur face  may no t  be d i s t ingu i shab le  a s  such, 

i t  must be recognized t h a t  the  Whatman paper c o n s i s t s  of a mat of f i b e r s  
which afford a markedly nonuniform sur face  when viewed microscopical ly .  
The f i l t r a t i o n  c h a r a c t e r i s t i c s  of t h i s  material a r e  derived from r e l -  
a t i v e l y  long flow paths  through successions of voids  of i r r e g u l a r  
s i z e s  and shapes. By way of c o n t r a s t ,  the  Mi l l ipore  membrane a f fo rds  
almost complete r e t e n t i o n  of mater ia l  l a r g e r  than the  r a t e d  pore s i z e  

- ~~ ~ 

Results shown i n  FIG 2 i nd ica t e  t h a t ,  f o r  any s i z e  range, the 
Whatman and Mi l l ipore  da ta  can be approximated by a s t r a i g h t  l i n e  passing 
through the o r i g i n ,  the scatter of da ta  being only s l i g h t l y  g rea t e r  than 
t h a t  which would be expected on the b a s i s  of normal experimental v a r i -  
a t i o n s .  Least  square equat ions f o r  the d i f f e r e n t  ranges a r e  given i n  
Table I1 with other  s t a t i s t i c a l  parameters of i n t e r e s t .  Taken toge ther ,  
these  da ta  ind ica t e  t h a t  t he  Whatman r e s u l t s  c o r r e l a t e  c lose ly  with the  
Mi l l ipore  r e s u l t s ,  the  s lopes of the s t r a i g h t  l i n e  equat ions f o r  the 
d i f f e r e n t  s i z e s  ranging from approximately 12 t o  3 ,  the l a rge r  va lues  
being determined f o r  the smaller s i z e  ranges.  

Three poss ib le  explanat ions f o r  the  occurrence of s lopes markedly 
g rea t e r  than un i ty  are  immediately ev ident :  

1. Migration of p a r t i c l e s  through the Whatman f i l t e r  

2 .  I n a b i l i t y  t o  d i s t ingu i sh  p a r t i c l e s  re ta ined  on the Whatman 
f i l t e r  surface 

I 
3 .  Embedding of p a r t i c l e s  i n  the Whatman f i l t e r .  

Each of these mechanisms would be expected t o  be more important f o r  the 
smaller  p a r t i c l e  s i z e s  and, thus,  a r e  cons i s t en t  with the observed 
s lopes  of the regress ion  l i n e s .  
made i n  an at tempt  t o  a s s e s s  the r e l a t i v e  importance of these d i f f e r e n t  
mechanisms. 

I 
A number of add i t iona l  tests has been 
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I ’  

on the f i l t e r  surface.  It, therefore ,  would be expected t h a t  the s lopes  
of the l i n e s  shown i n  FIG 2 would be influenced by the ease wi th  which 
the contaminant p a r t i c l e s  can be d is t inguished  from the f i b e r s  com- 
p r i s i n g  the Whatman surface.  TO confirm t h i s  expec ta t ion ,  a d d i t i o n a l  
sets of e i g h t  samples each were obtained f o r  two l o t s  of f l u i d  f o r  which 
the contaminant p a r t i c l e s  were known t o  c o n s i s t  p r imar i ly  of black 0- 
r i n g  mater ia l .  The r e s u l t s ,  n o t  given, ind ica ted  genera l ly  equal o r  
higher Whatman counts f o r  any given Mi l l i po re  count than noted wi th  t h e  
o r i g i n a l  test f l u i d .  

The embedding of p a r t i c u l a t e  mater ia l  i n  the body of the Whatman 
f i l t e r  paper was s tudied  by severa l  d i f f e r e n t  methods. 
microscopic examination, a Whatman test  f i l t e r  w a s  rendered p a r t i a l l y  
t ransparent  and w a s  reexamined by an o i l  immersion technique. Although 
t h i s  treatment d id  no t  a f fo rd  s u f f i c i e n t  transparency t o  permit a t o t a l  
p a r t i c u l a t e  count, i t  w a s  s u f f i c i e n t  t o  i n d i c a t e  numerous l a r g e  p a r t i c l e s  
embedded i n  the f i l t e r  s t r u c t u r e .  This suggests t h a t  any numerical re- 
l a t i o n  between r e s u l t s  f o r  these  methods i s  l imi ted  i n  a p p l i c a b i l i t y  t o  
contarnlaant having c h a r a c t e r i s t i c s  very s i m i l a r  t o  t h a t  used a s  a b a s i s  
f o r  t h e  eva lua t ion .  This i s  cons i s t en t  w i th  the  r e s u l t s  of a previous 
inves t iga t ion  (Ref. 3) i n  which contaminants from d ive r se  o r i g i n s  were 
used and the c o r r e l a t i o n  of r e s u l t s  ind ica ted  an excessive amount of 
scatter. 

Af te r  t he  i n i t i a l  

As a second approach, two sets of test sample f i l t r a t e s  (one each 
f o r  very  high and very  low contamination levels) were analyzed t o  
determine the amount of non-vola t i le  r e s idue .  The r e s u l t s  (summarized 
i n  Table 111) f a i l e d  t o  i n d i c a t e  any s i g n i f i c a n t  d i f f e rences  between 
r e s u l t s  f o r  the two types of f i l t e r s .  The f ind ing  t h a t  t h e  quan t i ty  
of non-vola t i le  contaminant passed by each type f i l t e r  was approximately 
the same s t rongly  suggests t h a t  the quan t i ty  of contaminant r e t a ined  was 
almost t he  same. 

Taken toge ther ,  these r e s u l t s  i nd ica t e  t h a t  comparably r a t e d  
Mi l l i po re  and Whatman papers a f fo rd  approximately equal r e t e n t i o n  of 
p a r t i c l e s  bu t  t h a t  many p a r t i c l e s  re ta ined  by the Whatman f i l t e r  are 
ind i s t ingu i shab le ,  e i t h e r  because t h e i r  appearance i s  similar t o  t h a t  
of t h e  f i b e r s  comprising the Whatman su r face  o r  because they become 
embedded i n  the f i l t e r  s t r u c t u r e .  

To ob ta in  a d d i t i o n a l  information about t he  embedding process,  
several Whatman test  papers were examined microscopically;  then they 
were returned t o  the f i l t e r  holder and r i n s e d  th ree  times wi th  50 m l  of 
c lean  solvent .  Subsequent microscopic reexamination of the f i l t e r s  
f a i l e d  t o  ind ica t e  s i g n i f i c a n t  changes i n  the number of d i s t i ngu i shab le  
p a r t i c l e s .  This suggests t h a t  whether o r  no t  a given p a r t i c l e  becomes 
embedded i n  the f i l t e r  s t r u c t u r e  o r  remains on the sur face  i s  s t rong ly  
dependent on the exac t  l oca t ion  of i ts  i n i t i a l  con tac t  wi th  the f i l t e r  
surf  ace.  
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CONCLUSIONS 

The r ep roduc ib i l i t y  of r e s u l t s  obtained by e i t h e r  the  Whatman or  
Mi l l ipore  method i s  determined by the  number of p a r t i c l e s  counted. 
However, s ince  a l a r g e r  number of p a r t i c l e s  u sua l ly  i s  counted by the 
Mi l l ipore  method, r e s u l t s  obtained by t h i s  method are  more prec ise .  

Although the Mi l l ipore  and Whatman f i l t e r s  provide approximately 
equal r e t e n t i o n  of p a r t i c l e s  i n  the s i z e  range of i n t e r e s t ,  many 
p a r t i c l e s  r e t a ined  by the  Whatman f i l t e r  are ind i s t ingu i shab le  because 
e i t h e r  t h e i r  appearance i s  similar t o  t h a t  of the f i b e r  comprising the  
f i l t e r  surface or  they become embedded i n  the f i l t e r  s t r u c t u r e .  

Numerical c o r r e l a t i o n  of r e s u l t s  by these  methods, t he re fo re ,  
y i e l d s  regression l i n e s  passing through the  o r i g i n  and having s lopes 
devia t ing  markedly from un i ty ,  the p a r t i c u l a r  s lope  determined f o r  
any s e t  of da ta  being influenced by the appearance of the contaminant 
p a r t i c l e s .  It, the re fo re ,  appears t h a t  although s p e c i f i c  r e l a t i o n s  
may be developed f o r  any p a r t i c u l a r  contaminant source,  no p rec i se  
general  co r re l a t ion  i s  poss ib le .  
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TABLE I 

SupplARY OF MILLIPORE AND WHAlMAN PARTICLE COUNT RESULTS 

10-25 25-50 50-100 100-175 
Size Range, 
Microns 

EzYis Mill ipore matman Millipore matman m l l i p o r e  marman Mil l ipore matman 

694 161 304 96 
21,935 1,894 6,527 749 1,023 166 264 81 
18,511 1,712 5,885 535 1,117 156 258 78 

Level # l  23,540 1.723 1,102 6,955 

19,228 1,942 6,086 686 1,314 128 275 91 

Mean 
Standard 20,803.5 1,817.) 6,363.2 666.0 1,139.0 152.7 275.2 86.5 
kviation 2,345.7 117.5 477.0 91.7 123.7 17.0 20.4 8.4 

9,890.8 692.8 2,510.0 230.2 248.0 40.3 58.3 5.2 
Mean 
~~~~~~n 1 479.2 1 M.51 111.5 1 14.2 I 15.7 1 10.01 3.0 I 1.7 

I I I I I I 
I I I I I I I 

I 5 i .5  I 69.8 1 9.81 17.5 i 2.0 Mean Sranr?arr! I 5.052.0 I 18L.21 273.5 

~ ~ i ~ ~ i ~ ~  1.0 2.1 0.8 I 208.8 I 8.51 10.8 I 3.1 I 4.8 

Level W 3,981 138 228 36 43 7 12 2 

3,652 141 235 40 46 7 14 1 
3,841 152 248 31 40 7 12 1 

3,319 130 216 31 39  6 12 1 

I I I I I I I I 
1 I 1 I I I 

31 I 2 1  8 1 2  

I I I I I 
I 

1,446.5 17.0 128.2 I 5.0 38.2 2.7 7.0 1.7 Uean 
Standard 
Deviation 164.1 6.7 14.2 1.8 6 . 3  1.0 0.8 - 1.3 

I 1 

Level #6 406 9 148 1 52 0 34 0 
236 6 48 2 12 0 2 0 
208 7 33 1 16 1 12 0 
283 6 66 2 28 2 8 0 

283.2 7.0 73.8 1.5 27.0 0.7 14.0 0.0 
87.5 1.4 51.3 0.6 18.0 1.0 14.0 0.0 

lean 
Standard 
Deviation 

Level C7 13,268 1,434 3,531 385 856 118 172 39 

16,057 1,166 3,638 2 92 %3 128 166 33 
14,552 1,221 3,745 346 978 126 174 33 

15,408 1,366 4,387 332 1,070 102 158 36 

14,821.1 1,296.7 3,825.2 338.7 966.7 118.5 167.5 35.2 *an 

~~~~~~~ 1,205.0 124.5 384.5 38.4 87.7 11.8 7.2 2.9 

175-700 > 700 

Mil l ipore Uhnrman Mil l ipore Whatman 

207 46 68 12 
211 23 72 7 
214 33 54 4 
222 24 58 4 

213.5 31.5 63.0 6.8 
6.4 11.0 8.4 3.8 

33 3 7 0 
30 2 4 1 
31 1 4 0 
28 1 5 0 
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TABLE I1 

EQUATIONS FROM POOLED DATA FOR MILLIPORE AND WHATMAN ANALYSES 

10-25~.  S ize  Range 

MC = 11.8 WC 
SMC = 1714 p a r t i c l e s  o r  21 percent  

2 5 - 5 0 ~  Size  Range 

MC = 10.0 WC 
SMC = 259 p a r t i c l e s  o r  14 percent  

5 0 - 1 0 0 ~  Size Range 

MC = 7.7 WC 
SMC = 39 p a r t i c l e s  or  11 percent  

1 0 0 - 1 7 5 ~  Size Range 

MC = 3 . 4  WC 
SMC = 28 p a r t i c l e s  o r  35 percent  

175-700~. Size Range 

MC = 6 . 3  WC 
SMC = 15 p a r t i c l e s  o r  30 percent  

>700u. Size Range 

MC = 4.7 WC 
SMc = 16 p a r t i c l e s  or  118 percent  

NOTE: MC = Mil l ipore  count, number of p a r t i c l e s .  

WC = Whatman count, number of p a r t i c l e s .  

counts ca l cu la t ed  from the average of four  Whatman 
counts. 

SMC = Standard e r r o r  f o r  the average of four  Mi l l i po re  
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